Background. Variability in colon cancer recurrence after laparoscopic colectomy (LAC) remains poorly understood. The aim of our study was to quantify the influence of LAC on colon cancer recurrence patterns. Methods. We included 986 patients undergoing curative colectomy at our institution between 1992 and 2008. Kaplan-Meier, multivariable Cox regression, propensity score adjustment, and competing risks modeling were used to evaluate the influence of laparoscopic surgery on the site of colon cancer recurrence, including the following: liver metastasis, lung metastasis, local recurrence, peritoneal dissemination, other, and multiple sites. We estimated the risk factors for each recurrence site. Results. Laparoscopic surgery was used in 419 (42.5 %) of 986 patients, with an overall median follow-up time of 5.0 years (interquartile range 3.5). The overall 5-year disease-free survival rate was 86.1 % (open surgery 81.8 % vs. laparoscopic surgery 92.0 %; p \ 0.001). However, after covariates and propensity score adjustment, laparoscopic surgery was not a significant risk factor for each type of recurrence: liver hazard ratio ( Laparoscopic surgery has gained acceptance in the treatment of colon cancer. Several randomized controlled trials (RCTs) have shown that laparoscopic colectomy (LAC) for colon cancer is equivalent to open colectomy (OC) in terms of postoperative complications and overall and disease-free survival (DFS) after surgery.
(95 % CI 0.25-3.14), p = 0.84. The risk factors for each type of recurrence were variable and characterized by specific clinicopathological features. Conclusion. Our study reveals that LAC and open colectomy demonstrate comparable overall colon cancer recurrence rates and recurrence sites. Specific clinicopathological characteristics may have a stronger influence on colon cancer recurrence site compared with the surgical technique.
Laparoscopic surgery has gained acceptance in the treatment of colon cancer. Several randomized controlled trials (RCTs) have shown that laparoscopic colectomy (LAC) for colon cancer is equivalent to open colectomy (OC) in terms of postoperative complications and overall and disease-free survival (DFS) after surgery. [1] [2] [3] However, the role of the surgical technique (LAC vs. OC) on the pattern of colon cancer recurrence remains unclear.
There are also two major concerns that have been associated with the lack of evidence on the pattern of recurrence after LAC. First, many of the large cohort studies in this field frequently demonstrate major diversity in patient characteristics. Second, there are multiple competing risks in the pattern of recurrence. In order to minimize these influences and provide robust evidence, two advanced statistical methods, including propensity score analysis 4, 5 and competing risk analysis, 6, 7 have been applied in oncological research.
The aim of this study was to assess the influence of LAC on the pattern of recurrence following colon cancer surgery by using propensity score adjustment and competing risks modeling. This approach may provide more robust evidence for surgical choice and decision making between two different techniques (LAC vs. OC) while also strengthening the patient consent process.
METHODS

Patients
This is a retrospective review of patients who underwent colectomy for colon cancer between 1992 and 2008 in Keio University Hospital. Our inclusion criteria for this analysis consisted of (1) patients with histologically confirmed colon cancer, and (2) more than 18 years of age. Our exclusion criteria were (1) carcinoma of the appendix and rectum; (2) stage IV patients; (3) synchronous colon cancer treated with two different anastomoses; (4) the coexistence of other active cancers; and (5) patients who died within 30 postoperative days.
During this period, a total of 2,590 patients underwent surgery for colorectal neoplasms in Keio University Hospital. Of these, 1,223 met our criteria; 47 were lost to follow-up and 190 were excluded due to inappropriate clinical and pathological data. Finally, 986 patients formed the basis of this analysis.
Indication of Laparoscopic Colectomy Over Time
Open surgery was performed by eight colorectal consultant surgeons or residents with the assistance of consultant surgeons, whereas LAC was performed by five consultant colorectal surgeons who were officially qualified by the Japan Society of Endoscopic Surgery (JSES). LAC was initially used more frequently for colon cancer without advanced disease and previous laparotomy. In 1998, the indications for LAC were extended to advanced disease following an RCT which was conducted at Keio University Hospital (published previously). 8 
Data Acquisition and Definition
Demographic, clinical, operative and pathological data were obtained from hospital records. In order to evaluate the appropriateness of adjustment of propensity score, categorical data (excluding cancer stage) was converted to dichotomous data. We categorized the 'year of operation' according to an operative date before or after 1998 because we had expanded the use of LAC from primarily nonadvanced stage disease to advanced stage disease at the start of our RCT in 1998. Body mass index (BMI) was categorized to low (BMI \25 kg/m 2 ) and high (BMI C25 kg/m 2 ). The American Society of Anesthesiologists classification (ASA) scores of I and II were defined as low risk, and III, IV and V were defined as high risk. Tumor site was divided into the right-sided colon (from cecum to transverse colon) and the left-sided colon (from descending to rectosigmoid colon). Microscopic tumor invasiveness was divided into four categories (T1, T2, T3 or T4), whereas macroscopic tumor invasiveness was divided into two categories (either T1/T2 or T3/T4). The extent of lymphadenectomy was categorized according to the Japanese Classification of Colorectal Carcinoma, 2nd edition, 9 which included the mesenteric dissection of paracolonic lymph nodes [LNs] (D1), intermediate LNs (D2), and LNs in the root of a main feeding artery (D3).
Statistical Methods
Patients were grouped according to whether they underwent OC or LAC. The comparability of demographics, with clinical and pathological data, between the two groups is presented in Table 1 . Continuous variables were presented as means ± standard deviation (SD) or medians with interquartile ranges (IQR). Categorical variables were shown as percentages. Comparisons for continuous variables were performed with the Student's t test or MannWhitney U test, and for binary variables, comparisons were performed with the Chi-square test or Fisher's exact test, when appropriate. Standardized and weighted conditional standardized absolute differences were calculated. 10, 11 Actuarial outcomes were compared with Kaplan-Meier curves and multivariable Cox proportional hazards regression. A log-rank test was used to determine whether significant differences existed between curves.
Statistical analysis addressed confounding factors (patient selection) by use of a propensity score and heterogeneity (risk factors) by multivariable risk factor analysis. The following models were used in our analysis: (i) unadjusted model; (ii) covariate-adjusted model: adjusted for covariates; (iii) propensity-adjusted model: adjusted for covariates and propensity score.
Covariate-Adjusted Model
To elucidate associated causative factors to the outcomes of interest, a multivariate regression analysis was performed. Univariate regression analysis was used to determine all significant confounding variables (covariates). Statistically or clinically significant (p B 0.1) confounding variables were subsequently included in the multivariate regression model.
Propensity-Adjusted Model
A propensity score for each patient was calculated to determine the probability of allocation to either of the two groups, and compared (LAC = 1 vs. OC = 0) using a non-parsimonious logistic regression model. The discrimination of the propensity model was assessed with calculation of the c-statistic. All the variables listed in Table 2 were included in this model. The score was subsequently incorporated into a proportional hazards model as a covariate. In order to avoid reduction in study size, we used the propensity score for adjustment. We performed the propensity score analysis as previously recommended.
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Competing Risks Analysis
Patterns of recurrence consist of several distinct events of recurrence being attributed to one event exclusively to the others, defined as 'competing risks situation'. Cumulative incidence was estimated using each type of recurrence as competing risk. The cumulative incidence of recurrence was compared according to the type of procedure (OC vs. LAC). The competing risks regression model defined by Fine and Gray 15 was applied. All statistical tests were two-sided and the significance level was set at 0.05. The standardized difference and weighted conditional standardized difference were calculated by R version 2.12.2 (R Foundation for Statistical Computing, Vienna, Austria). All other statistical analyses were performed by Stata 12 (Stata Corporation, College Station, TX, USA).
RESULTS
Comparability of Background Data
Overall, 986 patients who underwent colectomy for colon cancer were included in this study. LAC was used in 419 (42.5 %) patients, and 567 (57.5 %) patients underwent OC. Patient characteristics according to surgical procedure are demonstrated in Table 1 . LAC was utilized more frequently after 1998 (p \ 0.01). Alternately, OC was the preferred technique in high-risk patients according to ASA score (p = 0.01). Significant differences between OC and LAC were identified in terms of indicators of advanced disease, including comorbidity, tumor size (p \ 0.01), macroscopic (p \ 0.01) and microscopic (p \ 0.01) tumor invasiveness, LN metastasis (p \ 0.01), lymphatic (p \ 0.01) and vascular (p = 0.01) invasion, extent of lymphadenectomy (p \ 0.01) and the administration of adjuvant chemotherapy (p \ 0.01), suggesting that LAC was applied more often for less advanced disease when compared with OC.
Propensity Analysis
In patients treated with OC, the median propensity score (0 = OC, 1 = LAC) was 0.22 (IQR 0.31) in OC, and the median score was 0.69 (IQR 0.46) in LAC. The c-statistic was 0.82 (area under the curve), indicating satisfactory discrimination. The following variables were included in the propensity score model: year of operation, BMI, tumor site, ASA, previous laparotomy, and macroscopic tumor invasiveness.
Recurrence
The overall median follow-up time was 5.0 years (IQR 3.5). There was no significant difference in follow-up time between OC and LAC (OC 5.0 years [IQR 3.9]; LAC 5.0 years [IQR 3.2]; Mann-Whitney U test p = 0.40). Recurrence was identified in 130 patients. Liver was the most common site of recurrence in 47 patients (36.2 %, OC: LAC = 36:11), followed by lung in 30 patients (23.1 %, OC: LAC = 22: 8), local in 15 patients (11.5 %, OC: LAC = 12:3), peritoneal in 17 patients (13.1 %, OC: LAC = 11:6), other organs in nine patients (6.9 %, OC: LAC = 8:1) and multiple organs in 15 patients (11.5 %, OC: LAC = 11:4). Overall 5-year DFS rate was 86.1 %, whereas there was a significant difference between the two surgical procedures (5-year DFS rate; OC 81.8 % vs. LAC 92.0 %; p \ 0.001) (Fig. 1) . (Table 3) .
Site-Specific Recurrence
The influence of surgical procedure on six sites of recurrence is listed in Table 4 . In the unadjusted model, a significant difference between two surgical procedures was identified only in liver metastasis (HR 0.42 [95 % CI 0.21-0.82]; p = 0.01), and their 5-year cumulative incidence of liver metastasis was 6.5 % in OC and 2.8 % in LAC. On the contrary, there was no significant difference in other types of recurrence when competing risks regression analyses were used.
With no statistical significance, most HRs in both the covariate-adjusted and propensity-adjusted models dem- (Table 4) . However, the 5-year cumulative incidence of peritoneal dissemination in the covariate-adjusted model was estimated to be 0.40 % in OC and 0.89 % in LAC, whereas the 5-year cumulative incidence in the propensity-adjusted model was estimated to be 0.36 % in OC and 0.90 % in LAC (Table 4 and Fig. 1 ). The subgroup analysis was performed using patients with microscopic T3 or T4. . Consequently, the covariate-and propensity-adjusted models demonstrated that each site of recurrence was affected by various covariates other than surgical procedure type (Table 3) .
DISCUSSION
We conducted a cohort study comparing the cumulative incidence of cause-specific cancer recurrence between patients undergoing OC and LAC with adjustment of the propensity score calculated according to the probability of undergoing a particular surgical procedure. We demonstrated that the indication of surgical procedures was based on various elements, including patient-related factors (individual characteristics and tumor stage), tumor pathological grade, surgical factors, and postoperative treatment. LAC was considered in a higher proportion of patients with non-advanced colonic tumors, whereas OC was performed in a higher proportion of patients with advanced colonic tumors. Covariate-and propensity-adjusted models provided two important findings as follows: (1) the comparability of the recurrence patterns between LAC and OC; and (2) there was no common risk factor for specific sites of recurrence.
A large difference in the patient characteristics of subjects undergoing OC compared with those undergoing LAC was noticed. This is likely due to the fact that patient selection was strongly based on oncological and technical factors. We identified a variety of factors influencing the development of each site of tumor recurrence. Several factors are reported as contributors to the development of overall recurrence after colorectal surgery, 16 including surgical technique, pathological characteristics, the hostimmune reaction, tumor-specific molecular features, and pathological stage. The risk stratification for each type of tumor recurrence after LAC has not yet been fully described. One early study described the risk of port-site recurrence after LAC, 17 which was partly supported by experimental evidence associating laparoscopic pneumoperitoneum and tumor growth. 18, 19 However, data from several RCTs support our data that LAC demonstrates a higher but non-significant incidence of peritoneal metastases compared with OC, where the risk of peritoneal dissemination can be considered small enough to be negligible. [20] [21] [22] This study employs two robust statistical techniquespropensity score adjustment and competing risk analysis. Propensity score adjustment can easily control for all confounders that go into the construction of the propensity score. 23 Competing risks analysis generalizes standard survival analysis to evaluate patients who are exposed to more than one cause of failure. This has advantages over the Kaplan-Meier method as it offers the calculation of the cumulative incidence for an event of interest by considering competing risk events. 15 Furthermore, competing risks regression analysis provides a useful alternative to the proportional hazard model for survival data in the presence of competing risks. 15 To the best of our knowledge, this is the first report in which the pattern of recurrence between OC and LAC was evaluated based on competing risk analysis, and is considered to be very informative in terms of surgical oncology.
We could not identify technical issues concerning the incidence and pattern of recurrence following LAC. This finding might support the policy that LAC should be utilized in the treatment of colon cancer to offer faster recovery and better cosmesis, even in patients with advanced-stage cancers if the surgical procedure is technically and oncologically feasible. However, LAC has not yet gained universal popularity due to the steep learning curve for surgeons, the need for laparoscopic intraabdominal vascular control and the time required to perform the procedure. 24 As a result, 44.8 % of all colorectal resections are performed laparoscopically in the US, and 33 % in the UK. [25] [26] [27] Given these situations, future research for advanced interventional and surgical training programs need to focus on the educational value of novel simulation methods and the predictive value of surgical assessment tools in the context of LAC. 27 The present study demonstrated that the number of harvested LNs significantly affected local recurrence, which implies that an appropriate number of LNs should be retrieved regardless of the applied technique (LAC vs OC). In several guidelines, the appropriate number of LNs harvested is defined as 12. 28, 29 Furthermore, the routine technique of complete mesocolic excision and central vascular ligation, which may be required for appropriate LN retrieval, has been reported to be oncologically superior to standard colectomy in terms of oncological surgical quality and prognosis. 30, 31 These factors can support the global standardization of surgical quality and technique to act as a milestone for the pursuit of a higher degree of professional skill, which may in turn contribute to the reduction of postoperative tumor recurrence. There were some limitations to this study. First, the study consists of a retrospective analysis at a single institution, where there is a potential risk of selection bias. Second, despite our large dataset, our result might not have enough statistical power to clarify this issue due to the rarity of some types of recurrence. Finally, according to statistical reasons, our analyses were performed regardless of the influence of technical difficulty and complexity of tumor location.
CONCLUSIONS
Taking into account the rarity of incidence of several sites of colon cancer recurrence, further evidence in this field may be derived from a variety of sources. A metaanalytic approach is a feasible alternative to offer robust evidence synthesis techniques comparing these two procedures. 32 These could apply advanced statistical methods, such as individual patient data meta-analysis, 33 and competing risk model meta-analysis. 34 CONFLICTS OF INTEREST None declared. HR hazard ratio, CI confidence interval, cum cumulative incidence
